Impact of adherence to GOLD guidelines on symptom prevalence, lung function decline and exacerbation rate in a Swiss COPD cohort Anja Summary PRINCIPLES: The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines aim to optimise chronic obstructive pulmonary disease (COPD) diagnosis and treatment. However, little is known about the extent to which general practitioners' (GP) adherence to GOLD guidelines improves patient outcomes. METHODS: In this questionnaire-based study, COPD patients were screened and enrolled; exacerbation history was recorded, and demographic, spirometric and management data were collected for 12 months. Spirometry was performed at least every 6 months according to American Thoracic Society guidelines. Based on these data, patients were grouped into GOLD COPD severity classifications. Data were expressed as the difference between baseline and month 12. RESULTS: Among 139 GPs, 454 patients were analysed regarding baseline and 12 month data. There was no significant change in distribution of GOLD COPD severity grades, lung function or guideline adherence. Chronic cough and sputum production were significantly reduced (p 
Introduction
Chronic obstructive pulmonary disease (COPD) is a highly prevalent condition characterised by airflow limitation that is not fully reversible, and causes significant morbidity and mortality [1] . In Switzerland prevalence of COPD was found to be around 9% by the SAPALDIA study group with an incidence of 1.3%/year in adults [2] . Whilst guidelines are essential for the standardisation of disease, management and clinical practice often differs from proposed treatment recommendations [3] . The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines aim to give advice on how to optimise COPD prevention, diagnosis and treatment [1] . In the case of asthma, some studies suggest that guidelines may improve adherence to evidence-based treatment and reduce financial burden [4, 5] . This situation may be similar for COPD. Nevertheless, there is an ongoing debate regarding whether treatment that conforms to guideline recommendations improves disease outcomes. Akinbami et al., for example, could not identify a clear benefit for children with asthma after adherence to authoritative guidelines for 16 years [6] . Little is currently known regarding the extent to which GOLD guidelines improve care and outcome in COPD patients [7] . Therefore, we designed a 24-month questionnaire-based study, performed in Switzerland, to assess the standard of diagnosis and treatment of COPD in primary care practice. We previously analysed baseline data from our study, from which we made three main observations [8] . Firstly, misdiagnosis of COPD was a frequent event; application of the GOLD criteria following central lung function evaluation revealed 22% of the study population to be "non-COPD" sufferers. Secondly, non-pharmacological treatment is under-prescribed in general practice with only 4% of COPD patients receiving pulmonary rehabilitation. Thirdly, 47% of patients received treatment that differed from the recommendations of the GOLD guidelines. The objective of the current analysis was to evaluate whether there was a significant change in symptom prevalence, lung function decline and exacerbation rate in relation to prescription patterns of pharmacological treatments, mostly inhaled corticosteroids (ICS) and long-acting β 2 -agonist (LABA)/ long-acting anticholinergic (LAAC), which adhered to GOLD recommendations in the previous 12 months. Furthermore, factors associated with exacerbation rate, which is one of the most important reasons for impaired quality of life in COPD patients, were analysed.
Methods
Initially, 139 general practitioners (GPs) from a total number of 3512 GPs listed on the register provided by the Swiss Medical Association (FMH) [9] participated in the study. The study was approved by the ethics committee for each canton and all patients provided written documentation of informed consent. The trial commenced in January 2007 and extended over a period of 36 months, during which time the diagnosis, treatment and clinical course of COPD were analysed. Patients were seen by their GPs at 3-monthly intervals; symptoms according to the patients' subjective estimation, co-morbidities and treatment were recorded. Furthermore, GPs performed lung function testing via spirometry at least every 6 months. The 6 month data was not analysed separately since follow up for exacerbation rate, for example, was too short. Data collected by the GPs are summarised in table 1. Interpretation of spirometry data was performed according to the criteria of the GOLD committee [10] .
Spirometry Spirometry was performed as described previously [8] . Of note, investigators used the same type of spirometer with automated quality feedback (EasyOne ™ ; Medizintechnik AG, Zürich, Switzerland). GPs had been instructed by sales representatives of the company on how to perform spirometry according to the American Thoracic Society (ATS) guidelines [11] . The following lung function data were collected: forced expiratory volume in 1 second (FEV 1 ) in [2] .
Assessment of severity of COPD Severity of COPD was assessed centrally by the investigators as in our baseline analysis of this study [8] . Spirometry data provided by the GPs were interpreted according to the criteria of the GOLD committee [10] . According to the GOLD criteria, airway obstruction was defined as having a forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) <70% [1] . Severity was classified as follows: 
Comparison of prescribed medication with recommendations of GOLD
The use of bronchodilators and ICS currently received by patients with assumed COPD was compared with that recommended by the GOLD guidelines according to the GOLD severity of COPD grades [12] . COPD severity grades were assigned centrally following confirmation of COPD through spirometry. GOLD recommends prescription of short-acting bronchodilators for all severities of COPD, if required. Long-acting bronchodilators should be given to those with COPD GOLD stage II or worse, if required. Similarly, prescription of ICS (whether alone or in combination with a long-acting bronchodilator) should be reserved for GOLD stage III and IV, if the patient experiences repeated exacerbations. Data were analysed according to appropriate prescription of long-acting bronchodilators and ICS recommended by the GOLD guidelines in same way it was done in our analysis of the baseline data [8] .
Non-conformity was defined as prescription of long-acting bronchodilators and ICS to GOLD severity stages other than recommended. Since prescription of ICS for co-morbid asthma could confound the analysis for GOLD stages I and II, data were also filtered considering use of ICS as acceptable for these patients. Patients with known asthma were therefore not counted as non-conformity to the GOLD guidelines.
Statistical analysis
Continuous variables were expressed as means (± standard deviation [SD]) and categorical variables were shown as relative frequencies and percentages. Comparisons were made using cross-tabulation for categorical data and summary statistics for metric data. To visualise categorical variables, mosaic plots were displayed. A mosaic plot is a graphical display that allows examination of the relationship among two or more categorical variables. The mo-saic plot starts as a square with length one. The square is divided first into horizontal bars whose widths are proportional to the probabilities associated with the first categorical variable. Then each bar is split vertically into bars that are proportional to the conditional probabilities of the second categorical variable. Additional splits can be made if wanted using a third, fourth variable [13] . To predict exacerbations from potential risk factors, logistic regression was performed for each parameter separately. Time, age and gender were also included in each regression model. Hence results were adjusted for these parameters. A potential interaction between TIME and these factors were also included in these models. Non-significant interactions were deleted from the models.
As the patients were controlled at two time points a generalised mixed effect model (GLMM) approach was applied (details are described by Ripley [14] ). Odds ratios with corresponding 95% confidence intervals (CI) were estimated from the GLMM. In the case of an ordinal predictor, odds ratios were expressed increasing the predictor unit. A p-value <0.05 was considered as significant. This study was exploratory therefore p-values are not adjusted for multiple comparisons. All analyses were done using R version 2.8.1by R Foundation Bell Laboratories [15] .
Results

Demographic data and lung function characteristics
A total number of 828 patients were screened by GPs. Before the start of the study, 29 GPs subsequently withdrew due to time constraints, which resulted in the exclusion of 213 screened patients. After a baseline visit, 111 included patients dropped out due to co-morbidities and nursing home admissions, for example. Data was missing for 50 patients after the baseline visit. Therefore, 454 patients in total met the criteria for the per protocol population. For these patients, spirometry and symptom severity data were collected at baseline, six months and at 12 months. Patient demographic data and lung function characteristics are shown in table 2. Over 12 months, there was no significant change in the distribution of COPD severity grades that were centrally assigned according to GOLD classification. About half of all patients (59%) were considered to have GOLD stage II or III disease. The number of patients who did not have COPD according to spirometric criteria increased from 22% to 24%. About 6% of patients had discontinued smoking by 12 months. There was no significant decline in lung function after 12 months ( fig. 1 ).
Figure 1
Trend of FEV 1 over 12 months.
Comparison of average FEV 1 predicted in different COPD groups at BL and after 12 months. Abbreviations: FEV 1 , forced expiratory volume in 1 second; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease. 
Symptom severity
The change of symptoms is illustrated in figure 2 for dyspnoea. Compared with baseline, symptom severity as described by the patients at 12 months decreased. There were fewer patients suffering from sputum production in all COPD groups compared with baseline (p = 0.002, OR = 0.68 CI = 0.53-0.86). Chronic cough was also significantly reduced in all patient groups according to the subjective feeling of the patients (p <0 
Adherence to GOLD Guidelines
The pharmacotherapy prescribed by primary care physicians was compared to the GOLD treatment guidelines. This comparison focused primarily on the prescription of long-acting bronchodilators and inhaled corticosteroids (ICS). A greater discrepancy between GOLD guidelines and prescribing practice was observed for GOLD stage I and II disease. Only 56% of GOLD stage I patients and 36% of GOLD stage II patients received pharmacotherapy that conformed to the treatment guidelines ( fig. 3) . Guideline adherence increased for GOLD stages III and IV compared with baseline. Of the GOLD stage III patients, 69% patients and 82% of GOLD stage IV patients received treatment adherent to the GOLD guidelines, which represented an increase of 7-9% from baseline. Overall, there was no statistically significant change in guideline adherence compared to baseline ( fig. 3 ). 
Treatment
Discussion
This study has three main findings: -Adherence to guidelines had no significant impact on lung function decline, symptom prevalence or exacerbation rate after one year of follow up -Potential risk factors for exacerbations appear to be male sex, asthma and cerebrovascular insult as a comorbidity -Exacerbations were significantly reduced in the group of patients treated with combination therapy and LAAC We sought to assess the extent that primary care physicians adhered to GOLD treatment guidelines over the first 12 months of follow up. Guidelines serve to standardise disease management with the aim of improving patient care [4] . The benefits of treatment for COPD are as follows: reduction in the number of exacerbations; delay in loss of lung function; improvement in quality of life. Treatment algorithms are tailored to GOLD stages with the aim of improving outcomes in patients according to the severity of their disease. Long-acting bronchodilators are recommended and have been shown to improve outcomes in GOLD stage II and more severe disease, with the addition of ICS in patients with stage III or IV disease who have repeated COPD exacerbations [1, 16] . Evaluating the prescription patterns of pharmacological and non-pharmacological treatments: at 12 months, the 
Sum (%)
Subjects, n (%), BL 100 (22) 43 (9) 164 (36) 119 (26) 28 (6) 454 (100) Subjects, n (%), M12 111 (24) 36 (8) 151 (33) 118 (26) 38 (8) 454 (100) Male, BL 65 (65) 24 (56) 102 (62) 88 (74) 21 (75) number of patients prescribed pulmonary rehabilitation had halved, whilst there was no significant change in patients performing physical exercise. In contrast, there was an increase in the prescription of ICS in GOLD stage I patients and a slight decrease in the other stages. Despite GOLD recommendations, approximately one third of GOLD I and II patients received combination therapy (ICS + LABA). The prescription of LAAC in patients of all GOLD severity stages increased. After one year of follow up, guideline adherence had not changed significantly: An inappropriate treatment for their stage of disease was found in 44% of all COPD patients after one year of follow up compared to 47% at baseline (patients with asthma on inhaled steroids excluded). These observations are in line with a Swiss study from 2005 claiming over-use of inhaled steroids in mild COPD patients and a recent study from the United States reporting only 55% of patients with COPD were treated according to guideline recommendations [17, 18] . The potential risks of over-prescibing ICS in mild COPD and under-prescribing ICS, LAAC and LABA in severe COPD patients have been discussed previously [8] .
Patients included in this study were seen at a three months interval by their GPs who performed spirometric testing at least every six months. There was no significant decline in FEV 1 seen after one year of follow up. Patients treated adherent to GOLD guidelines had no advantage considering loss of FEV 1 after one year. The greatest decrease of FEV 1 was seen in COPD GOLD I patients who lost 100 ml FEV 1 (1% of predicted FEV 1 ) during the first year. COPD GOLD III patients lost 40 ml FEV 1 in one year. GOLD II and IV patients had no decline in FEV 1 . Our findings are comparable to the UPLIFT trial which investigated the effect of tiotropium versus standard therapy on lung function decline in COPD patients and found a mean decrease of 42 ml per year in the placebo group and 40ml in the tiotropium group [19] . Decline in FEV 1 is not as meaningful an endpoint as exacerbation rate since the follow up of only one year is rather short compared to the TORCH study with four years of follow up to see a significant difference in this relatively small number of patients. Prevalence of sputum (p = 0.02) and cough (p <0.001) decreased significantly in the subjective estimation of all patients, dyspnoea varied between the different severity stages. Exacerbation rate showed a significant decrease over all COPD stages (p = 0.041). After 12 months of follow up there was no significant difference in lung function decline, symptom frequency or exacerbation rate between the guideline adherent and not adherent patients. We did not measure quality of life per se. However assuming that this parameter is directly dependent on symptom frequency [20] there appeared to be no difference between patients treated according to guidelines versus patients not treated according to guidelines. Compared with baseline, the overall exacerbation rate had fallen significantly. Factors associated with exacerbations were treatment with ICS, combination therapy, LABA or systemic steroids in stable disease. This interrelation might be due to the fact that patients suffering from repeated exacerbations were treated with this medication due to recurrent infections. Several studies have shown a reduction in exacerbation rate and improvement of symptoms for treatment with ICS, LABA or combination therapy [19, 21, 22] . Despite not being the GOLD standard for treatment of mild to moderate COPD, an epidemiologic Canadian study found that 56% of mild COPD patients were also treated with inhaled steroids [23] .
On the other hand it remains unclear whether some cases of pneumonia were mistaken for exacerbations. Inconsistent to the GOLD guidelines, 47% of GOLD I and 65% of GOLD II patients received inhaled steroids. The TORCH investigators reported an increased rate of pneumonia in patients treated with fluticason or combination therapy of salmeterol and fluticason [21] . Relating to pneumonia as an adverse event, in the TORCH study Halpin et al. criticised the lack of predefined diagnostic standards [24] . In order to control correctness of this factor analysis we also correlated cough, sputum and dyspnoea with exacerbations confirming a significant association for each characteristic. Male sex, asthma and cerebrovascular insult as a co-morbidity were significantly associated with a higher exacerbation rate and may be potential risk factors for developing exacerbations. This association will have to be proven in larger studies and a longer follow up term since one year is a rather short period in a chronic disease such as COPD to assess its course of exacerbations. A recent French study compared acute exacerbations in men and women and stated that significantly more women with exacerbations reported asthma as a co-morbidity [25] . Faganello et al. only found older age and low peripheral oxygen saturation to be risk factors for exacerbations when analysing patients staged by BODE index and GOLD recommendations, and thus concluded that other not detected variables seem to be predictors for exacerbations [26] . Patients suffering from severe co-morbidities, like a CVI, seem to be at a higher risk for developing an exacerbation. As no definite data on this point is available, further studies to identify clear risk factors for exacerbations are needed. Exacerbations were significantly reduced in patients inhaling LAAC and combination therapy adjusted for age, gender and FEV 1 . The percentage of patients suffering from an exacerbation at BL visit in patients taking LAAC showed a remarkable reduction of 9% after one year of follow up. The effect of tiotropium (LAAC) on exacerbation rate was studied in the UPLIFT trial. A reduction of 14% in exacerbation rate could be seen after 4 years of tiotropium vs. placebo [19] being rather close to reduction of 9% after one year in patients treated with LAAC in our trial. A recent US study with 7376 COPD patients came to the same conclusion of tiotropium being superior to salmeterol in preventing exacerbations [16] . The TORCH trial compared salmeterol plus fluticason versus placebo, salmeterol alone and fluticason alone and found a significant reduction of exacerbations in comparison to the placebo group but also compared to the single components [21] . This corresponds to our findings of combination therapy (ICS + LABA) reducing exacerbation rate significantly more than LABA or ICS alone. The current study does have the following limitations: a relatively small patient population was investigated, especially in GOLD stage I and IV patients; the short followup period; and the unknown quality of spirometric data provided by the primary care physicians. Whilst we are aware that a larger patient population and longer study duration would have yielded higher quality data, we believe that our trial has generated meaningful results. Nevertheless, it is unknown whether the 213 patients, who had to be excluded from the study since 29 GPs resigned their participation before the start, might have been treated less closely to the GOLD guidelines. It can only be speculated upon whether these GPs might have been less adherent and that their conformity to guidelines is even worse in reality. This also applies to the 161 drop outs whose guideline conformity in the course of the study cannot be assessed. We could not verify the quality of spirometric data, nevertheless, we consider the spirometric measurements to be of a good standard, as the size of different COPD severity groups did not change significantly. Furthermore, a study conducted using Easy One™ spirometers in general practice in Switzerland found 60% of measurements to be of acceptable quality [27] whilst Miedinger et al. reported spirometry to be superior to questionnaires for the diagnosis of COPD in primary care [28] . The percentage of patients misdiagnosed in this study was 24%, which is comparable to other international studies [29] .
Conclusion
Although guideline adherence did not affect COPD outcomes, the treatment prescribed, especially LAAC and combination therapy, improved patients' estimation of symptoms and exacerbation rate. Overall, the data from this analysis suggest that adherence to GOLD guidelines does not have a perceivable impact on symptom prevalence, exacerbation rate or lung function decline after one year of follow up. Male sex, asthma and severe co-morbidities as a cerebrovascular insult could be associated with a risk for frequent exacerbations. The outcome of this analysis demonstrates an interesting trend, even if only over a 12-months period. Analysis of the 24-month data as well as future larger studies of a longer duration will provide further information about the effect of guideline adherence on the clinical course of COPD. 
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Figure 4
Influence of a.) combination therapy b.) LAAC on exacerbation rate. a.) Proportion of patients inhaling combined therapy or not at BL visit in relation to their exacerbations compared to patients inhaling combined therapy at M12 in relation to their exacerbations: (Significant Increase of exacerbation free patients in the group inhaling combined therapy: p = 0.018, OR = 0.39 CI: 0.39-0.71). b.) Proportion of patients inhaling LAAC or not at BL visit in relation to their exacerbations compared to patients inhaling LAAC at M12 in relation to their exacerbations: (significant Increase of exacerbation free patients in the group inhaling LAAC: p = 0.0011, OR = 0.37 CI: 0.21-0.67).
